Introduction
considered as positive when ≥10 mm (Otton et al., 2017) . The strain PAO1 was included in the 151 analysis as a positive motility control.
152 153 TFP detection 154 The presence of TFP was determined by PCR. The primers used (Table 1) Identification of accessory genes 158 The primers used for identification of strains containing the tfpO a , tfpO b , tfpW, tfpX, tfpY, tfpZ 159 accessory genes downstream from pilA were designed for this study by our group (Table 1) . The 160 PCR consisted of 15 min denaturation at 95 ºC followed by 30 cycles of 30s at 95 ºC, 1 min at 161 55ºC, 2 min at 72 ºC, with a final extension of 7 min at 72 ºC. The quality of the PCRs was 162 confirmed by the random selection of different amplified products to be sequenced.
164
Statistical analysis 165 The χ 2 (Chi square) test text was used to determine the presence of significant differences among 166 categorical data, which were considered statistically significant with a p value of ≤ 0.05. 167 Adjustments for multiple comparisons were made using the Holm and Benjamini-Hochberg 168 approaches. 169 The normal distribution of quantitative data set was established by the Shapiro-Wilk's W test; the 170 one-way ANOVA test and Tukey´s post hoc with 95% confidence interval was used to compare 171 differences between the individual TFP Groups. R study version 3.4.0. was used for all the 172 statistical analyses. 
Results

178
Bacterial isolates 179 During the study period, P. aeruginosa isolates were collected from a total of 190 non-duplicated 180 isolates from different patients ; Hospital 181 Arzobispo Loayza -HAL (n=78)]. P. aeruginosa was most frequently isolated from bronchial 182 secretions 37. 9% (72/190), urine 29.5% (56/190) , and wounds/abscesses 17. 4% (33/190) . The 183 proportion of isolates recovered from urine samples was significantly (p=0.0059) higher in HAL 184 (32 isolates, representing 41% of HAL samples and 57.1% of total urine samples) compared to 185 HNCH (24 isolates, representing 21.4% of HNCH samples and 42.9% of total urine samples). 186 The colony characteristics of 187 isolates were similar to PAO1. Thus, none was mucoid, only 187 three isolates showed morphology of small colony variant (SCV), all isolates but 2 were β-188 hemolytic, and 142 isolates were pigmented. Supplementary Table) . Of these, 27 (37.5%) were represented by a 193 single isolate, 41 (56.9%) included 2 to 6 isolates and the remaining 4 clones included more than 6 194 isolates. In clones including more than one isolate, a high internal variability in terms of TFP 195 groups, antibiotic resistance, biofilm production and bacterial motility was observed 196 ( Supplementary Table) . High levels of non-susceptibility were observed among the 190 P. aeruginosa isolates, ranging 200 from 38.4% (CAZ) to 56.3% (OFX), with similar results in both hospitals. Overall, 44.7% (85/190) 201 were MDR, with no differences between the two hospitals studied (HNCH 44.6%, 50/112; HAL 44.9%, 35/78) . (Table 2 ). In addition, the MDR isolates were also mainly from urine, 31/85 203 (36.5%), bronchial secretions 25/85 (29.4%) and wounds/ abscesses 13/85 (15.3%).
205
Biofilm production 206 Ninety-seven percent (185/190) of the isolates were biofilm producers. Of the total isolates, 41% 207 (78/190) were SBP, 44.7% (85/190) were MBP, and 11.6% (22/190) and 2.6% (5/190) were WBP 208 and NBP, respectively. Moreover, the SBP phenotype was significantly more frequent in the 209 HNCH isolates [50.9% (57/112) vs. HAL 26.9% (21/78); p= 0.0009] (Fig.1 ).
210
In all cases, the SBP isolates exhibited higher levels of antimicrobial resistance than the non-SBP 211 isolates, except in the case of PTZ in HAL. Overall, the SBP isolates were significantly more 212 resistant to CAZ, FEP, ATM, IMI, MER, TO, AK and CIP (p<0.05), and accordingly, were 213 associated with the presence of MDR (p=0.0179) ( (Tables 3 and 4 ). TFP Group II was the most frequently detected, being found in a total of 103 232 isolates; being the only TFP group detected in 83 of these isolates (43.9% of the total isolates, 233 51.5% of isolates possessing TFP). TFP Group I was detected in 45 isolates (together with other 234 TFPs in 16 isolates). Group III was detected in 34 isolates (together other TFPs in 14 isolates).
235
Group V was present in 12 isolates, being the only TFP in 3 isolates. No isolate carrying the TFP 236 Group IV was detected (Table 4 ).
237
The absence of TFP (p=0.0005) as well as the presence of only the TFP Group II (p=0.0260) was 238 significantly higher in the isolates from HAL, while the presence of TFP Group I (p=0.0153) and 239 Group III (p=0.0260) was higher among HNCH isolates. Isolates carrying more than one TFP were 240 also more frequent in HNCH (p=0.0044). Analysis of the association between TFP and multidrug resistance showed that 17/26 (65.4%) 244 isolates with multiple TFP, 57/135 (42.2%) isolates with only one TFP and 11/28 (39.3%) of those 245 without TFP were MDR. Nonetheless, analysis by TFP groups showed that the presence of only 246 TFP Group II (25/83 isolates, 30.1%) was associated with the presence of a non-MDR phenotype 247 (p=0.0014), while the percentages of multidrug resistance among isolates belonging to Groups I 248 and III were 58.6% and 70.0%, respectively ( On evaluating the relationship between the TFP group and flagellar motility (swarming or 254 swimming) it was observed: the presence of only TFP Groups I and III were associated with less 255 swarming (p=0.023/p=0.024); TFP Group III also showed less swimming motility (p=0.022), and 256 isolates possessing only TFP group I were those with the least twitching motility (p=0.045) ( Fig   257   2b , Table 4 ). The highest levels of twitching were found among the isolates with TFP Group II and 258 those without TFP (>90% in both cases).
259
Overall, the presence of TFP was associated with SBP (p=0.02), but when biofilm formation was 260 related to the different TFP groups, only Group III showed a significant association with SBP 261 (p=0.025), while Group II (p=0.025) was associated with non-SBP and those without TFP almost 262 reached significance ( Fig. 2c , Table 4 ). Similarly, the one-way ANOVA test showed a p=0.058, 263 bordering the significance breakpoint, when TFP contribution to biofilm biomass was determined 264 ( Fig. 3a) . On analyzing the relationship between TFP groups and biofilm biomass with the one-265 way ANOVA test a significant association was observed (p<0.0001) with Groups I, III and those 266 with more than one TFP presenting greater biofilm biomass ( Fig. 3b ).
267
Swarming motility was associated with non-SBP (p<0.0001) and lower biofilm biomass 268 (p<0.0001) ( Fig. 3c ). Similarly the presence of swimming tended to be related to non-SBP 269 (p=0.058) and significantly associated with lesser biofilm biomass (p<0.0001) ( Fig. 3e ).
270
On the other hand, twitching motility was also associated with non-SBP (p=0.0072) and lower 271 biofilm biomass (p<0.0001) (Fig 3g) . On analyzing the specific role of each TFP Group, 272 irrespective of the type of motility, isolates presenting TFP Groups I and III and those with more 273 than one TFP presented greater biofilm biomass, while those with TFP Group II or without TFP 274 presented lower biofilm biomass levels, (Figs. 3d, 3f, 3h) . Finally, those isolates without swarming, 275 swimming or twitching showed higher levels of biofilm biomass (Fig. 4) . 
287
Our results showed a relation between the number of TFP groups and multidrug resistance. Thus, 288 isolates without TFP showed the lowest levels of multidrug resistance. Nonetheless, although the 289 reason for this is not clear, around 60% of isolates carrying TFP Group I or III were MDR while 290 isolates having the TFP Group II were more prone to be non-MDR. Further analyses in clinical 291 settings from both Peru and other countries are needed to demonstrate this association providing a 292 rationale to determine the underlying reasons.
293
The implication of pilA in swarming motility needs to be fully elucidated. Thus, while Shrout et 294 al., (2006) showed swarming motility was not impaired in a pilA deficient strain and, in some 295 circumstances even showed hyperswarming motility, Köhler et al., (2000) observed the absence of 296 swarming in TFP-deficient P. aeruginosa mutants. The present study showed differences in the 297 association of the TFP groups with swarming and also swimming phenotypes. In agreement with 298 the association of swimming and swarming with flagellar activity, the presence of TFP in our study 299 was not correlated with these motilities, with motile and non-motile isolates presenting TFP. without twitching motility may be explained by the presence of altered or inactive TFP or by the 314 lack of or underexpression of other necessary genes (Chiang and Burrows, 2003) .
315
This study suggests an association between specific TFP and levels of biofilm formation. In this 316 sense, it was of note that the presence of TFP was significantly associated with SBP, and a p value 317 of 0.058 was observed when the presence of TFP was associated with biomass levels. In this way, 318 the biofilm formation is classified by categories, while biomass is a numerical data obtained from 319 the OD which explains this slight difference. Several studies have reported the importance of 320 bacterial motility to initiate contact with an abiotic surface, biofilm formation and development 321 (Deligianni et al., 2010; O'Toole et al., 2000) . Nonetheless, the associations between the presence 322 of specific TFP groups and biofilm formation ability remain understudied, although they might be 323 related to the absence or presence of TFP accessory genes. In this sense, although it has been 324 shown that a higher twitching level impairs the ability of biofilm formation (Haley et al., 2014) , it 325 has been suggested that twitching is one of the factors involved in the first stages of biofilm 326 formation (O'Toole et al., 2000) , and consequently, in the degree of biofilm biomass (Deligianni et 327 al., 2010) . Furthermore, the presence of TFP accessory genes may be correlated with enhanced twitching (Asikyan et al., 2008) . Therefore, the presence of accessory genes might positively 329 influence the biofilm formation. Our results agree with the impairment of biofilm formation related 330 to the presence of twitching (Haley et al., 2014) and isolates presenting twitching are correlated 331 with lower levels of biofilm biomass. Furthermore, the higher levels of biomass biofilms were 332 correlated with the absence of swimming, swarming and twitching, while isolates presenting the 333 three types of motility were those with lower biofilm biomass. This result highlights the fact that 334 isolates with lower motility levels are more prone to adhere to surfaces leading to biofilm 335 formation. Nevertheless, contrary to the proposed correlation between TFP accessory genes and 336 enhanced twitching (Asikyan et al., 2008) , in all the isolates presenting TFP Groups II, the only 337 TFP Group lacking accessory genes, or without any TFP showed higher levels of motility.
338
On the other hand, the presence of isolates without TFP classified as SBP and that of isolates with 339 a very poor adhesion to the microtiter plate despite possessing TFP (including TFP Group III) 340 agree with the fact that mutants deficient in pili and flagella do not exhibit significant differences 341 regarding biofilm formation compared to wild type strains (Klausen et al., 2003) . Therefore, these 342 findings point to the possible role of other new adhesins that could participate in the initial stage of 343 biofilm formation (Otton et al., 2017; Head and Yu, 2004) , and highlight the multifactorial nature 344 of biofilm formation.
345
In a recent study the development of quinolone resistance was correlated with lower levels of 346 twitching activity (Ahmed et al., 2018) . Thus, as our results showed that isolates presenting lower 347 motility levels were related to SBP, this finding may be related to the high levels of antibiotic 348 resistance detected in those isolates being SBP. Accordingly, all isolates deficient for the three 349 tested motilities were SBP and MDR, and the presence of multidrug resistance was lesser among 350 those isolates possessing TFP Group II or those without TFP which showed high motility levels.
351
Our results showed the presence of differences in the prevalence of TFP as well as of TFP groups 352 and other characteristics among the samples from the two hospitals. This finding suggests the presence of differences among both bacterial populations. Nonetheless, no specific reason may be 354 adduced.
355
The intraclonal variability of the parameters analyzed must be considered among limitations of this 356 study, since it prevents analysis corrected by phylogeny. This variability may be related to 357 horizontal gain or loss of genetic material, or with undetected punctual mutations, insertions or 358 deletions which affect the final expression levels of key genes.
359
Overall, the presence of TFP was correlated with enhanced biofilm formation; furthermore, the 360 presence of specific TFP Groups was correlated with different findings, including MDR (Group 361 III) /non-MDR (Group II) profiles and levels of swarming / swimming / twitching motility (Group 362 I and Group III with lower levels of motility, Group II or those without TFP with higher levels of 363 motility). The present results suggest that isolates with impaired motility are more prone to being 364 SBP. These findings highlight the need for an in-depth analysis of the underlying differences and 365 elucidation of the exact relationships between specific TFP groups, biofilm production and the 366 acquisition of multidrug resistance. Conflict of interest: 370 The authors declare that they have no conflict of interest. p: significant differences between SBP vs. non-SBP.
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